Pathological gestational weight gain (GWG) is a risk factor for obstetric and perinatal complications. High metabolic activity of adipose tissue and the placenta during pregnancy manifests as an increased production of adipokines that are involved in glucose regulation and insulin sensitivity. The aim of this study was to determine the role of resistin in the genesis of metabolic disorders in pathological GWG pregnancies. The 163 pregnant women were examined in the study: 97 (59.5%) had normal, 18 (11.0%) had insufficient and 48 (29.4%) had excessive prepregnancy weight and obesity. GWG was the recommended level in 56 (34.4%), insufficient in 33 (20.2%), and excessive in 74 (45.4%) women. Anthropometry was performed in each trimester of pregnancy, the weight gain was measured, and the percentage of body fat mass, concentrations of resistin, glucose, insulin, and the HOMA-IR were evaluated. Positive associations were found between hyperresistinemia in the second trimester of pregnancy, and subsequent weight gain (r = 0.27, P = 0.0006), percentage of body fat mass (r = 0.93, P = 0.000) and insulin resistance (r = 0.89, P = 0.000) in late pregnancy; these associations were especially evident in excessive GWG. Determination of predictors of insulin resistance, associated with endocrine activity of adipose tissue, such as the adipokine resistin, in the second trimester of pregnancy may help to predict the severity of metabolic shifts during pregnancy and the risk of developing obstetric and perinatal complications. K e y w o r d s: gestational weight gain, resistin, glucose, insulin resistance.
G estational weight gain (GWG) reflects numerous endocrine and metabolic changes that occur in the maternal body during physiological adaptation to pregnancy, fetal energy supply and preparation for lactation [1] . Pathological weight gain is considered to be a significant and independent risk factor for obstetric and perinatal complications such as preeclampsia, gestational diabetes, and macrosomia, and increases operative delivery and the development of overweight and obesity after delivery [2] . Adipose tissue, as an endocrine organ, synthesizes biologically active substances, adipokines (leptin, adiponectin, resistin, plasminogen-1 activator inhibitor, tumor necrosis factor-α, interleukin-6) that play direct roles in the processes of glucose metabolism regulation, tissue sensitivity to insulin, and systemic inflammation [3] . The role of adipokines in the mechanism of development of metabolic disorders in obstetric complications is a subject of active study in the scientific literature.
Resistin is a peptide hormone with a molecular weight of 12.5 kDa. In mice, the synthesis of resistin is restricted to adipocytes. However, in humans, adipocytes, pancreatic islets, mononuclear cells and placenta can synthesize this protein [4] . Resistin impairs glucose consumption by adipocytes, increases plasma glucose concentrations, and thus reduces insulin sensitivity [5] . In non-pregnant women, resistin levels are higher in individuals with obesity [6] . Costa et al. proved that during pregnancy, the placenta is an additional source of resistin, which is mainly synthesized in trophoblast cells. The authors emphasized the important role of this adipokine in the processes of the periimplantic period, such as the invasion and proliferation of trophoblast, and angiogenesis, in order to achieve normal placement and progression of pregnancy [7] .
It is established in the literature, that the resistin concentration in plasma of pregnant women exceeds the level in the absence of pregnancy [8, 9] . However, the results of the dynamics of this hormone during pregnancy are controversial. Haugen et al. and Nien et al. postulated a significant increase of plasma resistin concentration between 11 and 14 weeks of gestation compared with non-pregnant women, a positive relationship between the elevation of this hormone and duration of pregnancy, and the probable increase of this adipokine in late pregnancy compared with the first trimester [4, 10] . However, no statistically significant association in resistin concentration between non-pregnant women and the first and second trimesters was found by Chen et al., but these authors did observe that the level of resistin before delivery significantly exceeded the levels at the beginning and in the middle of pregnancy [8] . To date there are no published reports in the literature devoted to the study of the plasma resistin level in women with different body weight gain during pregnancy.
The aim of this study was to determine the role of resistin in the genesis of metabolic disorders in pathological GWG pregnancies.
materials and methods
We studied 163 pregnant women who visited antenatal clinics in Ivano-Frankivsk, Ukraine during 2016-2018. Patients who were under 18 years old, diagnosed with multiple pregnancies, with term of labor up to 37 weeks, or severe chronic somatic diseases were excluded from the study. All women signed informed consent forms to participate in the study. The research design was approved by the Ethics Committee of the Ivano-Frankivsk National Medical University in Ivano-Frankivsk, Ukraine (protocol № 93/16 dated 01. 12.2016 ). This study is a part of the complex scientific research work "Clinical-pathogenetic ways of reducing the frequency of reproductive health disorders and perinatal complications of women in Prykarpattya" (state registration № 0114U004747).
The mean age of patients was 28.3 ± 5.1 years (95% Cl 27.5-29.1). Pregnancy management with nutrition and physical activity recommendations was performed in accordance with existing Ukrainia guidelines [11] . The weight of the patients was measu red using electronic scales to the nearest 0.1 kg (Esperanza EBS002K, Poland). Measurement of height was performed using a digital stadiometer with an accuracy of 1.0 cm (RP-2000, Kiev, Ukraine). BMI was calculated according to the Quetelet formula (devised by Belgian scientist Adolphe Quetelet in the 1830s) as the ratio of body mass (kg) to the square of body height (m 2 ). Information about body weight of the women before pregnancy was obtained by patient questioning and medical records. Anthropometry was performed during 9-11, 22-24 and 37-39 weeks of gestation. GWG was estimated by calculating the difference between the weight before labor and prepregnancy weight. Percentage of body fat mass was determined using spectral bioimpedansometry (with the use of "Diamant-aist" analyzer КМ-АР-01, St. Petersburg, Russia) connected to a computer [12] . Quantitative determination of resistin in blood serum was performed using enzyme immunodetection (Mediag nost, kаt. № E50 Resistin-ELISA US RUO E50 030113/6, Canada). The level of glucose in blood plasma was determined according to standard methods [13] in the central clinical-diagnostic laboratory of the Regional Perinatal Centre (Ivano-Frankivsk). Blood insulin content in blood serum was determined using the enzyme immunodetection method (Insulin Test System-2425-300, Monobind Inc., Lake Forest, CA, USA) with the following calculation of the insulin resistance index (homeostatic model assessment of insulin resistance, HOMA-IR) by the formula: fasting glucose level (mmol/l) x fasting insulin level (μM/ml)/22.5.
Statistical analyses were performed using Statistica 6.0 software (StatSoft Inc.,USA), and the Micro soft Excel statistical analysis package (Microsoft Corp., Redmond, WA, USA). The following were calculated: average arithmetic mean (M), mean standard deviation (m), confidence interval (Cl), correlation coefficient (r), and the reliability of the difference between the results of the study (p). The difference between compared values was considered to be significant at p < 0.05.
results and discussion
Of the 163 women in the study, 97 (59.5 ± 3.8%) were nulliparous and 66 (40.5 ± 3.8%) were multiparous women. All women had childbirth at full-term pregnancies (39.1 ± 1.3 weeks (95% Cl 38.9-39.3)).
The prepregnancy body mass index (BMI) was the recommended level in 97 patients (59.5 ± 3.8%), insufficient in 18 (11.0 ± 2.5%), and overweight/ obese in 48 patients (29.4 ± 3.6%), based on the recom mendations of the Institute of Medicine (IOM) in the United States (2009) [14] and the Order of the Ministry of Health of Ukraine № 417 (2011) [11] .
Overweight and obese women were combined into one group (overweight/obese) for statistical analysis (BMI ≥ 25 kg/m 2 ), because of the absence of a significant difference between the results in these groups. At the end of pregnancy the recommended GWG was in 56 patients (34.4 ± 3.7%), inadequate in 33 (20.2 ± 3.1%), and excessive in 74 patients (45.4 ± 3.9%), based on the published guidelines [11, 14] .
In the group of women with overweight/obese prepregnancy BMI, the plasma resistin concentration in the first trimester significantly exceeded the normative limits determined for non-pregnant women, but only in this group (p < 0.05). A statistically significant association was found between the level of resistin and GWG in the second (r = 0.27, p = 0.001) and third (r = 0.52, p = 0.000) trimesters, regardless of the final weight gain and the absence of significant correlation in the first trimester (p > 0.05). There was also a positive relationship between the elevation of Fig. 1 . Relationship of plasma resistin concentration in the second trimester and gestational weight gain (GWG) in the third trimester plasma resistin during 22-24 weeks (i.e., second trimester) and the subsequent GWG in late pregnancy (i.e., third trimester) (r = 0.27, p = 0.0006) ( Fig. 1) . However, later the statistically significant difference was only in women with excessive GWG in which the plasma resistin level before childbirth was 1.4fold higher (p < 0.05) than in the first trimester and 1.2-fold higher (p < 0.05) compared with the recommended GWG.
The changes of plasma resistin levels in pregnant women with different prepregnancy BMI were analyzed. A significant increase of plasma resistin levels was found in the second (p < 0.05) and third (p < 0.02) trimesters in women with recommended prepregnancy BMI independent of GWG. However, the resistin level was 1.3-fold higher during 22-24 weeks and 1.2-fold higher during 37-39 weeks (p < 0.05 in both cases in women with excessive GWG compared to women with the recommended GWG (Fig. 2) .
In the group of women with the recommended prepregnancy BMI a positive correlation was found between the plasma resistin concentration and GWG in the second (r = 0.83, p = 0.000) and third trimesters (r = 0.89, p = 0.000). It is important to note that there is a strong direct correlation between the ele vation of resistin in the middle of pregnancy and the subsequent increase in weight at later stages (r = 0.88, p = 0.000).
In the group of women with insufficient prepregnancy BMI, there was monotypic dynamics of elevation of plasma resistin level only at the end of pregnancy regardless of GWG (p < 0.05), but there was no significant difference in comparison with women who had the recommended prepregnancy BMI (p > 0.05) (Fig. 3) .
In women with overweight/obese prepregnancy BMI, in the first trimester the plasma resistin concentration was significantly higher (1.7-fold, p < 0.001) compared to women with the recommended prepregnancy BMI. In this group of pregnant women, a positive correlation was found between the concentration of resistin and GWG in the second (r = 0.51, p = 0.0001) and third trimesters (r = 0.52, p = 0.0001). A statistically significant relationship was also found between hyperresistinemia in the middle of pregnancy and GWG before delivery (r = 0.53, p = 0.000). There were no significant differences of resistin with the duration of pregnancy in women with insufficient GWG (p > 0.05) (Fig. 4 ).
In the overweight/obese prepregnancy group with the recommended and excessive GWG, the resistin level was higher in the third trimester than during the earlier terms (p < 0.05 and p < 0.02, respectively), but there were no significant differences among women with the recommended prepregnancy BMI (p > 0.05). It should be noted that at the end of pregnancy, the percentage rise of the resistin level in pregnant women with overweight/obese prepregnancy BMI was significantly lower than that of pregnant women with the recommended prepregnancy BMI (p < 0.05). An analysis of the association between the plasma resistin concentration and fat component of GWG indicates a direct correlation between hyperresistinemia and increase in the percentage of body fat mass in all pregnant women in the second (r = 0.86, Fig. 4 . Dynamics of plasma resistin concentration (ng/ml) in pregnant women with overweight/obese prepregnancy BMI. *P < 0.05 in comparison with the first trimester p = 0.000) and third trimesters (r = 0.82, p = 0.000).
It is important to note that the elevation of the resistin level in the second trimester significantly correlated with the subsequent increase in the percentage of body fat mass until the end of pregnancy (r = 0.93, p = 0.000) ( Fig. 5 ).
It is known that pregnancy is characterized by a state of insulin resistance (IR), mainly due to the increased production of placental hormones, for ade quate fetal energy supply. In the scientific literature, the role of adipose tissue and adipokines in the [15, 16] . The authors proved the correlation between the plasma level of resistin and IR. According to the rapid growth of body fat mass, as the most labile component of GWG, the relationship of the plasma resistin concentration and the HOMA-IR value as a model of IR determination was evaluated. A statistically significant relationship was found between the resistin level and the HOMA-IR value in the second (r = 0.83, p = 0.000) and third (r = 0.84, p = 0.000) trimesters, regardless of prepregnancy body weight.
There was also a significant correlation between hyperresistinemia in the second trimester and IR in late pregnancy (r = 0.89, p = 0.000) ( Fig. 6 ).
Our results corroborate the data obtained by Nien et al. and Edalat et al., who have described the elevation of IR in pregnant women under the influence of adipokines, particulary resistin [10, 17] . However, our findings are in contrast to those of Haugen et al., who did not confirm a relationship between the plasma resistin concentration and IR, but these authors examined normal weight women without accounting for the GWG level [4] .
Thus, associations between an elevated plasma resistin concentration and the GWG, percentage of body fat mass and HOMA-IR in all pregnant women, regardless of the prepregnancy BMI were demonstrated. But the most progressive dynamics of the resistin level increase was observed in pregnant women with the recommended prepregnancy BMI but excessive GWG. In these women, the progress of hyperresistinemia during pregnancy was more intense compared with pregnant women who had overweight/obese prepregnancy BMI; before labor, Fig. 6 . Relationship between the plasma resistin concentration in the second trimester and the HOMA-IR value in the third trimester. HOMA-IR, homeostatic model assessment of insulin resistance.
the restin level of these lower prepregnancy BMI women reached that of these higher prepregnancy BMI women (15.9 ± 0.5 ng/ml versus 16.1 ± 0.4 ng/ ml, respectively, p > 0.05). IR during pregnancy was accompanied by a marked increase in the fat depot, so it could be assumed that fat tissue plays a role in the initiation and regulation of the gestational IR. Our findings of increased plasma resistin concentration with the progression of pregnancy, especially with excessive GWG, confirm the association between adipokines and tissue IR during pregnancy.
Thus, these results expand the current knowledge about the role of resistin in the genesis of metabolic disorders in pathological GWG pregnancies. Hyperresistinemia in the second trimester of pregnancy is associated with a subsequent later weight gain, an increased percentage of body fat mass and increased tissue IR, which is especially pronounced in excessive GWG. Identification of predictors of IR, associated with endocrine activity of adipose tissue, such as the adipokine resistin, in the second trimester of pregnancy can help predict the severity of metabolic disorders during pregnancy and the risk of developing obstetric and perinatal complications.
